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(57) ABSTRACT

A method and an apparatus are provided for mounting and
removing electronic components using solder bumps while
constraining thermal stresses to a substrate. The method and
apparatus for mounting and removing an electronic compo-
nent (bear chip 32) to be soldered onto the substrate with
solder bumps 114 1s configured to move the electronic
component to detect contact of the solder bumps with the
substrate or contact of a tool (chuck unit 38) with the
clectronic component, to define the contact as an original
point for raising a heating temperature of the electronic
component and the substrate from the heating temperature to
a maximum heating temperature HI'm as well as move the
clectronic component 1n conformity with the temperature
rising, and to move the electronic component from a position
where the maximum heating temperature 1s achieved to a
mounting height of the substrate.

6 Claims, 19 Drawing Sheets
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METHOD AND APPARATUS FOR
MOUNTING AND REMOVING AN
ELECTRONIC COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/IP03/06748, filed on May 29, 2003, now

pending, herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a method and an
apparatus for mounting and removing semiconductor
devices such as bear chips, tlip chip components and other
various electronic components connected to a substrate with
solder bumps and, more particularly, to a method and an
apparatus for mounting and removing electronic compo-
nents suitable for various processing such as reworking,
replacing and repairing bear chips mounted on a resin
substrate with the use of solder bumps.

As a mounting technology for bear chips, the C4 (Con-
trolled Collapse Chip Connection) tlip chip wiring technol-
ogy 1s used and, in this C4 flip chip wiring technology,
connecting protruding terminals (micro bumps) are formed
with narrowed connection pitches on a LSI (Large Scale
Integration) chip or a tlip chup component which 1s mounted
on a module substrate with these micro bumps. For bear
chips, various processing can be performed, such as mount-
ing, removing, replacing, remounting and the like. The
present invention relates to a method and an apparatus for
mounting and removing electronic components, which are
preferred for mounting electronic components such as the
bear chips onto a resin substrate and for various processing
such as rework processing, replace processing, repair pro-
cessing and the like thereof.

2. Description of the Related Art

Conventionally, 1n rework of a bear chip, a bonding head
of a reflow apparatus 1s positioned to the bear chip mounted
on a substrate and the bear chip 1s detached from the
substrate by heating and melting solder with the bonding
head. On the substrate after the bear chip 1s removed,
residual solder 1s heated and removed and the substrate 1s
processed to be 1 a state equivalent to the state before
mounting by performing cleaning processing with a solvent.
Then, the bear chip 1s positioned and fixed at a bear-chip
mounting position on the substrate and the bear chip 1s
remounted by heating the entire package (PKG) with a
reflow oven for reflow processing.

For this conventional rework, for example, referring to
FIGS. 1A to 1C and FIGS. 2A to 2C, FIGS. 1A to 1C show
processing for removing a bear chip from a substrate, and
FIGS. 2A to 2C show remount processing aiter the bear chip
1s removed. As indicated by an arrow a of FIG. 1A, a tool
head 8 1s positioned and lowered to a bear chip 6 mounted
on a substrate 2 with C4 bumps, for example, solder bumps
4 and, as indicated by an arrow b of FIG. 1B, a top surface
of the bear chip 6 1s contacted with an under surface of the
tool head 8, and the solder bumps 4 1s heated and melted by
the tool head 8 and the like while controlling the pressure
thereol. While maintaiming this melting state, as indicated by
an arrow ¢ of FIG. 1C, the bear head 1s supported by the tool
head 8 and, when the tool head 8 1s raised, the bear chip 6
1s detached from the substrate and the solder bumps 4 are
melted and collapsed on the substrate to become residual
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solder 10. The residual solder 10 1s 1n a short-circuit state.
Therefore, after the residual solder 10 1s removed with the
use of a j1g 12 as shown 1 FIG. 2A, preliminary solder
bumps 14 1s formed on the substrate 2 at a mounting position
of the bear chip 6 as shown in FIG. 2B, and the bear chip 6

1s positioned at the mounting position to be reconnected.

Regarding to such rework of bear chips and mounting
technologies using solder bumps, prior patent documents

exist, which are Japanese Patent Application Laid-Open
Publication Nos. H06(1994)-21147, HI10(1998)-294538,

H11(1999)-112131, 2001-7137, 2002-57453, 2002-110740
and others.

Japanese Patent Application Laid-Open Publication No.
HO06(1994)-21147 discloses mounting, removing and
remounting of flip chip IC with the use of solder bumps;
Japanese Patent Application Laid-Open Publication No.
H10(1998)-294338 discloses a rework apparatus for remov-
ing semiconductor devices by heating a semiconductor
apparatus with the semiconductor devices mounted on a
substrate; Japanese Patent Application Laid-Open Publica-
tion No. H11(1999)-112131 discloses a method for remov-
ing a semiconductor apparatus wherein the semiconductor
apparatus 1s removed by heating and melting solder from a
substrate where the semiconductor apparatus has been
mounted, and a method for repairing a semiconductor appa-
ratus wherein a semiconductor apparatus 1s positioned and
remounted onto a substrate where the semiconductor appa-
ratus has been removed; Japanese Patent Application Laid-
Open Publication No. 2001-71357 discloses repair processing
of flip chip mounting; Japanese Patent Application Laid-
Open Publication No. 2002-57433 discloses a method for
repairing a semiconductor apparatus wherein after a semi-
conductor apparatus 1s removed from a substrate by heating
the semiconductor apparatus mounted onto the substrate, the
semiconductor apparatus 1s remounted by supplying solder
paste for forming preliminary solder, by aflixing the semi-
conductor apparatus onto the preliminary solder and by
heating and melting the solder for bonding; and Japanese
Patent Application Laid-Open Publication No. 2002-110740
discloses a method and an apparatus for mounting wherein,
in a mounting method for lowering a semiconductor appa-
ratus with solder bumps formed on a under surface of a
semiconductor device for flip chip bonding on a substrate, a
gap between the semiconductor device and the substrate 1s
controlled depending on the height of the semiconductor
apparatus.

By the way, 1n removal of an electronic component 1n
conventional rework processing of various electronic com-
ponents such as bear chips, pressure control 1s used for
position control of a head unit equipped on a tool. If a
bonding portion of a bear chip has narrow gaps, when an
error occurs 1n the position control of the tool, solder may be
short-circuited and the residual solder 1n the short-circuit
state must be removed by suflicient cleaning processing
betore replacing the bear chip. If a bonding portion of a bear
chip has narrow gaps, sutlicient accuracy i1s required for the
position control of a substrate and the bear chip at the time
of mounting 1n order to enhance reliability of connection.

Although the preliminary-solder processing 1s used for
ensuring connectivity between the substrate and bear chip,
thermal stresses are accumulated 1n the substrate due to the
preliminary-solder processing and the reliability of the con-
nection may be reduced.

Also, since the retlow processing of the entire package
gives great thermal stresses to the substrate, 11 a member
with limited heat resistance 1s mounted on the package,
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reprocessing 1s diflicult and inspection costs are increased
for such as the failure analysis of the bear chips at the time
of mounting.

These problems cannot be solved by technologies dis-
closed 1n the prior patent documents described above.

SUMMARY OF THE INVENTION

The present invention relates to a method and an appa-
ratus for mounting and removing electronic components,
which are preferred for mounting electronic components
such as the bear chips onto a resin substrate and for various
processing such as rework processing, replace processing,
repair processing and the like thereof and the present inven-
tion 1s mtended to provide a method and an apparatus for
mounting and removing electronic components, which solve
the problems described above.

More particularly, an object of the present invention 1s to
provide a method and an apparatus for mounting and remov-
ing electronic components, which can constrain thermal
stresses generated on a substrate. Another object of the
present invention 1s to provide a method and an apparatus for
removing electronic components, which enable reuse of
residual solder.

In order to achieve the above objects, according to a first
aspect of the present invention there 1s provided a mounting
method for an electronic component to be soldered onto a
substrate via solder bumps, the mounting method compris-
ing the steps of moving the electronic component to detect
contact of the solder bumps with the substrate; raising a
heating temperature of the electronic component and the
substrate up to a maximum heating temperature starting
from the contact as well as moving the electronic component
responding to the temperature rising; and moving the elec-
tronic component from a position where the maximum
heating temperature 1s achieved to a mounting height of the
substrate.

According to such a configuration, the original point 1s
defined as a position where the solder bumps of the elec-
tronic component contact the substrate, and the temperatures
of the electronic component and the substrate can be
matched at the original point by the contact of the electronic
component and the substrate. For example, 1dentical tem-
peratures can be set by preheating. It this position 1s defined
as original point and 11 the electronic component 1s moved
in conformity with the rise 1n temperature, heating to the
maximum heating temperature can be achieved with the
contact state of both maintained, while absorbing a total
amount of thermal deformation. If the electronic component
1s moved from the position where the maximum heating
temperature 1s achieved to the mounting height of the
substrate, the maximum heating temperature 1s maintained
and the positions of the solder bumps of the electronic
component are optimized relative to the substrate. By using
the movement control and the heating control of the elec-
tronic component at the same time 1n this way, a heating loss
1s constrained at the bonding portion of the electronic
component and substrate.

The electronic component may be retained at a position
where the heating temperature attains the maximum heating
temperature, and the electronic component may be moved to
the mounting height of the substrate after the elapse of
predetermined time. The solder 1s ensured to be melted by
holding at the position where the maximum heating tem-
perature 1s achieved and the electronic component can be
moved from the position to the optimum mounting height to
be mounted onto the substrate.
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The amount of movement of the electronic component
moved responding to the temperature rising may be a value
calculated from thermal distortion of the substrate and
thermal distortion of support members supporting the elec-
tronic component. According to such a configuration, by
moving the electronic component, the thermal deformation
1s absorbed on the substrate side and on the side of the
support member supporting the electronic component; the
positions of the solder bumps of the electronic component
are planned to be optimized relative to the substrate; and a
heat conduction loss 1s constrained.

In order to achieve the above objects, according to a
second aspect of the present mnvention there 1s provided a
removing method for an electronic component soldered to a
substrate with the use of solder bumps, the removing method
comprising the steps of moving a tool to detect contact of the
tool with the electronic component on the substrate; with the
contact as an original point, raising a heating temperature of
the electronic component and the substrate up to a maximum
heating temperature as well as moving the tool responding
to the temperature rising; and moving the electronic com-
ponent from a position where the maximum heating tem-
perature 1s achieved to a mounting height of the substrate

through movement of the tool so that the tool receives the
clectronic component from the substrate.

According to such a configuration, the original point 1s
defined as a position where the tool contacts the electronic
component on the substrate, and the temperatures of the
clectronic component and the substrate can be matched at
the original point by the contact of the electronic component
and the substrate. The heating temperature 1s raised from the
original point and the tool 1s moved 1n conformity with the
rise 1 temperature. This movement absorbs a total amount
of thermal deformation; the electronic component 1s moved
from the position of the maximum heating temperature to
the mounting height of the substrate by the tool; and the
clectronic component 1s received by the tool from the
substrate. By using the position control with the movement
of the tool and the heating control at the same time 1n this
way, the position of the electronic component 1s optimized
relative to the substrate through the tool; a heating loss 1s
constrained at the bonding portion of the electronic compo-
nent and substrate; and the reusable residual solder 1s formed
on the substrate.

The tool may be stopped at a position where the heating
temperature attains the maximum heating temperature and
the electric component may be moved to the mounting
height of the substrate by use of the tool after the elapse of
predetermined time. The amount of movement of the tool
moved responding to the temperature rising may be a value
calculated from thermal distortion of the substrate and
thermal distortion of support members supporting the elec-
tronic component.

Preferably, 30 to 50 percent of solder 1s left on the
substrate with the electronic component removed. By form-
ing such residual solder, the short circuit due to the solder 1s
prevented and the solder can be reused as the bonding
portion.

In order to achieve the above objects, according to a third
aspect of the present invention there 1s provided a mounting
method for an electronic component to be removed from a
substrate and remounted onto the portion of the substrate
where the removal has been made, wherein the removing of
the electronic component from the substrate includes leaving
30 to 50 percent of solder on the portion of the substrate
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from which the electronic component has been removed and
using the residual solder for remounting the electronic
component.

In order to achieve the above objects, according to a
fourth aspect of the present invention there 1s provided a
mounting apparatus for an electromic component to be
mounted onto a substrate via solder bumps, the mounting,
apparatus comprising a movement mechanism moving the
clectronic component; a heating unit heating the electronic
component or the substrate; a contact detection umt detect-
ing contact of the solder bumps of the electronic component
with the substrate; and a control unit moving the electronic
component via the movement mechanism, the control unit
raising a heating temperature of the heating unit for the
clectronic component and the substrate up to a maximum
heating temperature starting from the detection of contact by
the contact detection unit as well as moving the electronic
component responding to the temperature rising through the
movement mechanism, the control unit moving the elec-
tronic component from a position where the maximum
heating temperature 1s achieved to a mounting height of the
substrate.

According to such a configuration, the original point 1s
defined as a position where the solder bumps of the elec-
tronic component contact the substrate during the movement
ol the electronic component; the heating temperature of the
clectronic component and substrate 1s raised from the origi-
nal point position; the electronic component can be moved
in conformity with the rise 1n temperature; the electronic
component 1s controlled to the mounting height of the
substrate from the position where the maximum heating
temperature 1s achieved; the positions of the solder bumps of
the electronic component can be optimized relative to the
substrate; and a heating loss can be constrained at the
bonding portion of the electronic component and substrate.

In order to achieve the above objects, according to a fifth
aspect of the present invention there 1s provided a removing
apparatus for an electronic component mounted on a sub-
strate with the use of solder bumps, the removing apparatus
comprising a heating unit heating a tool supporting the
clectronic component or heating at least a soldered portion
of the electronic component; a contact detection unit detect-
ing contact of the tool with the electronic component on the
substrate; a movement mechanism for moving the tool; and
a control unit moving the tool via the movement mechanism
to detect the contact by use of the contact detection unait, the
control unit raising a heating temperature for the electronic
component and the substrate via the heating unit up to a
maximum heating temperature starting {from the contact, the
control umit moving the tool via the movement mechanism
responding to the temperature rising, the control unit mov-
ing the electronic component through movement of the tool
from a position where the maximum heating temperature 1s
achieved to a mounting height of the substrate so that the
tool receives the electronic component from the substrate.
The apparatus with such a configuration for removing the
clectronic component 1s used for implementing the method
for removing the electronic component described above.

The advantages and features of the present invention are
listed as follows.

According to the method for mounting the electronic
component of the present invention, by using the heating
control and the position control of the electronic component
at the same time, the component such as the semiconductor
apparatus can be mounted or remounted without generating
stresses to the substrate; Preprocessing can be skipped for a
package with a low heat resistant component mounted onto
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the same package; and the stresses and costs can be reduced
while reliability can be enhanced.

Also, according to the method for removing the electronic
component of the present imnvention, by using the heating
control and the position control of the electronic component
at the same time, the reusable solder can be formed on the
substrate without generating stresses to the substrate.

According to the apparatus for mounting the electronic
component of the present invention, the electronic compo-
nent such as the semiconductor apparatus can be mounted or
remounted with one-time heating without generating
stresses to the substrate.

Also, according to the apparatus for removing the elec-
tronic component of the present invention, the electronic
component can be removed with one-time heating without
generating stresses to the substrate, and the residual solder
in the reusable state can be formed, which contributes to
simplification of preprocessing and the like to enable fast
and easy remounting.

Other objects, features and advantages of the present
invention will become apparent with reference to the accom-
panying drawings and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B and 1C are diagrams showing a conven-
tional bear-chip rework method;

FIGS. 2A, 2B and 2C are diagrams showing a conven-
tional bear-chip rework method;

FIG. 3 1s a diagram showing a bonding apparatus accord-
ing to a first embodiment of the present invention;

FIG. 4 1s a diagram showing a configuration of a head unit
of the bonding apparatus of FIG. 3;

FIG. 5 1s a diagram showing a configuration of a control
apparatus of the bonding apparatus of FIG. 3;

FIG. 6 1s a process chart showing bear-chip reflow pro-
cessing according to a second embodiment of the present
invention;

FIGS. 7TA and 7B are diagrams showing adsorption,
lowering and contact detection of a bear chip in the bear-
chip retlow processing of FIG. 6;

FIGS. 8A and 8B are diagrams showing rising of the head
unit and retention of the head unit at a top dead center 1n the
bear-chip reflow processing of FIG. 6;

FIGS. 9A and 9B are diagrams showing lowering and

rising of the head unit 1n the bear-chip reflow processing of
FIG. 6;

FIG. 10 1s a diagram showing an operation sequence of
the head umit, temperature control of the head unit, and
thermal expansion of upper and lower portions of a bonding
portion 1n reflow processing and remove processing;

FIGS. 11A and 11B are diagrams showing rising and
lowering motion of the head unit 1n retlow processing and
remove processing;

FIGS. 12A, 12B and 12C are diagrams showing reflow
processing;
FIG. 13 1s a process chart showing bear-chip remove

processing according to a third embodiment of the present
imnvention;

FIGS. 14A and 14B are diagrams showing lowering and
contact detection of the head unit in the bear-chip remove
processing of FIG. 13;

FIGS. 15A and 15B are diagrams showing rising of the
head umit and retention of the head unit at a top dead center
in the bear-chip remove processing of FIG. 13;
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FIGS. 16A and 16B are diagrams showing lowering and
rising of the head unit 1n the bear-chip remove processing of
FIG. 13;

FIGS. 17A, 17B and 17C are diagrams showing remove
processing;

FIGS. 18A, 18B and 18C are diagrams showing reflow
processing utilizing residual solder; and

FIGS. 19A, 19B and 19C are diagrams showing rework
processing.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first embodiment of the present mnvention 1s described
with reference to FIG. 3 to FIG. 5. FIG. 3 to FIG. 5 shows
a bonding apparatus as an embodiment of a method and an
apparatus for mounting and removing electronic compo-
nents of the present invention; FIG. 3 1s a side view showing
a head unit and a control table; FIG. 4 1s a front view of the
head unit; and FIG. 5 1s a block diagram showing a con-
figuration of a control unit.

A bonding apparatus 20 1s comprised of a control table 22
movable 1 the X and Y directions (e.g., horizontal direc-
tion); the control table 22 1s comprised of, for example, a
heating platform portion 24 and a package loading platform
26; and the heating platform portion 24 1s comprised of a
heater 28 as a first heating unit with in a chassis made up of
corrosion resistant metal such as stainless steel. The package
loading platform 26 1s comprised of a flat loading surface
made up of quartz glass. The package loading platform 26 1s
equipped with a package loading j1g 30 and, onto the upper
surface thereof, a bear chip 32 1s mounted as an electronic
component to be mounted, such as a semiconductor appa-
ratus, e.g., LSI chip, a tlip chip component or the like, or a
substrate 36 1s placed for a package 34 with the bear chip 32
mounted.

The bonding apparatus 20 1s comprised of a chuck unit 38
as a bonding tool and the chuck unit 38 1s a support member
used for supporting, transporting and heating the bear chip
32. The chuck umt 38 1s comprised of a suction path 39 1n
order to obtain adsorption power for supporting the bear
chip. The chuck unit 38 1s supported by a head unit 40 for
raising and lowering the chuck unit 38 1n the Z direction
(e.g., vertical direction) and the head unit 40 1s comprised of
a first shider 42 for performing height control of the chuck
unit 38 and a second slider 44 for supporting the chuck unit
38 as well as detecting a load applied to the chuck unit 38.

The slider 42 1s slidably supported by a slide rail 48
provided on an apparatus body 46 and the height position
thereot 1s controlled by a head raising/lowering mechanism
50 which 1s 1nstalled as a moving mechanism for moving the
head unit 40 to any position. The head raising/lowering
mechanism 50 1s comprised of, for example, a ball screw
rotated by a turning force ol a motor or the like and 1s
configured to raise and lower the slider 42 by converting the
rotation of the ball screw into the raising and lowering force
in the up and down direction.

The slider 44 1s supported by a slide rail 52 provided on
the slider 42 to be able to be raised and lowered as well as
1s supported by the slider 42 via a contact detection unit 54.
The contact detection unit 54 indirectly detects contact
between the bear chip 32 supported by the chuck unmit 38 and
the substrate 36 or contact between the chuck unit 38 and the
bear chip 32 on the substrate, and 1n this embodiment, the
contact detection unit 54 1s configured such that a detection
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arm 56 protruded from the slider 44 1s sandwiched between
a load sensor 58 and a load sensor 60 1nstalled on the top side
and the under side thereof, respectively, to allow each
detection element 62, 64 to contact with the top and under
surface portions of the detection arm 56. Therefore, 1t the
slider 44 1s raised, a detected load of the load sensor 58 is
increased while a detected load of the load sensor 60 is
decreased, and if the slider 44 1s lowered, a detected load of
the load sensor 58 1s decreased while a detected load of the
load sensor 60 1s increased. The load acting on the slider 44
and the direction thereof can be known from the detected
loads of the load sensors 58, 60.

The slider 44 1s provided with an angle (0) correction unit
66 and a tilt correction unit 68 as well as equipped with a
heating unit 72 as a second heating unit for heating the head
unmit 38 side via a cooling unit 70, and the chuck unit 38 1s
supported on the under side of the heating unit 72. Cooling
water 76 1s circulated through the cooling unit 70 via a
cooling water pipe 74 to constitute a thermal shield wall for
blocking heat conduction of the heat of the heating unit 72
to the portion of the head unit 40 upper than the heating unit
72. The heating unit 72 1s provided with a second heater 78
and the heat thereof can heat the chuck unmit 38 and the bear
chip 32 supported and contacted by the chuck unit 38. An
angle (0) of the chuck unit 38 1s corrected by the angle
correction unit 66 in the horizontal direction and a tilt
thereof 1s corrected by the tilt correction unit 68.

Also, the bonding apparatus 20 1s comprised of, for
example, a control unit 80 shown 1n FIG. 5 as a control
apparatus. The control unit 80 performs various controls
such as the movement of the control table 22, the raising and
lowering of the head unit 40, the adsorption and release of
the bear chip on the chuck unit 38, the heating control of the
heaters 28, 78. Therelore, the control unit 80 1s comprised of
a control circuit 82 constituted by CPU (Central Processing
unit) and the like, and the control circuit 82 i1s connected
with a memory 84 for storing control information. Also, the
control circuit 82 1s supplied with the detected loads of the
load sensors 58, 60 of the contact detection unit 54, detected
heights of a tool height detector 86 and detected tempera-
tures of temperature sensors 88, 90 through detection cir-
cuits 92, 94, 96 and 98. The tool height detector 86 1is
configured by, for example, installing an encoder to the ball
screw of the head raising/lowering mechanism 50 for raising
and lowering the head unit 40 and detects a height position
from the rotation of the encoder. Therefore, the tool height
detector 86 detects the height position of the chuck unit 38
raised and lowered by the head raising/lowering mechanism
50 and a change 1n the thermal expansion thereol. The
control output from the control circuit 82 1s supplied from
drive circuits 100, 102, 104, 106 and 107 to a table move-
ment mechanism 108, the head raising/lowering mechanism
50, a suction mechanism 110 and the heaters 28, 78. The
table movement mechanism 108 moves 1n the X and Y
directions the control table 22 movable 1n the X and Y
directions. The suction mechamism 110 applies adsorption
power for supporting the bear chip 32 to the chuck unit 38
by sucking through the suction path 39. A cooling-water
circulation apparatus 112 circulates the cooling water 76
through the cooling unit 70 and the control circuit 82
performs the circulation control as well as controls the
temperature of the cooling water 76. Other cooling mediums
may be circulated instead of the cooling water 76.

In this bonding apparatus 20, the chuck unit 38 1s a
bonding tool equipped on the head unit 40 and can be raised
and lowered by the head raising/lowering mechanism 50
and, for the position movement of the chuck unit 38 as well
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as the heating temperatures of the heater 28 as the heating
unit on the control table 22 side and the heater 78 of the
heating umit 72 on the head unit 40 side, the raising and
lowering rate and the heating rate can be controlled 1n a
synchronized manner or can be controlled independently.

When the load sensors 58, 60 of the contact detection unit
54 detect the contact position between the chuck unit 38 and
the package 34 placed on the control table 22 and the
detected position 1s defined as an original point where a
preheating temperature HTKk 1s raised to a maximum heating,
temperature HI'm, a movement amount of the head umit 40,
1.€., a total amount of thermal expansion can be detected by
the tool height detector 86 from, for example, thermal
deformation of the package 34 and thermal deformation of
the chuck unit 38 of the head unit 40 and the like as thermal
expansion of the portion upper then the bonding portion and
thermal expansion of the portion lower then the bonding
portion, which 1s stored ito the memory 84 as head cor-
rection movement amount information. This head correction
movement amount 1s changed by heating temperatures such
as the preheating temperature and the maximum heating
temperature as well as changed by the size and material of
the substrate and the bear chip 32, and 1s information which
1s set independently.

Also, 1 this bonding apparatus, the mounting height of
the bear chip 32 1s measured in advance relative to the
substrate 36 loaded on the package loading jig 30 of the
control table 22, and the height position 1s detected by the
tool height detector 86 and 1s stored into the memory 84 as
mounting height information.

Then, 1 the bonding apparatus 20, the chuck unit 38 1s
lowered; an original point 1s defined as a contact position of
the chuck umt 38 and the package 34 or a contact position
of the bear chip 32 held by the chuck unit 38 and the
substrate; the chuck unit 38 1s moved while conforming the
raising rate of the heating temperature to the moving rate of
the chuck unit 38; the movement of the chuck unit 38 is
stopped at a top dead center, 1.e., a movement limiting point
which 1s a position of the maximum heating temperature
HTm; and after retaining at that position for a predetermined
time period, the chuck unit 38 or the bear chip 32 held by the
chuck umit 38 can be lowered to the mounding height
relative to the substrate 36. Such controls are performed in
the mounting and remounting processing of the bear chip 32
and the remove processing for removing the bear chip 32
from the package 34 as well as the replace processing.

In this way, according to the bonding apparatus 20, one
can perform the reflow processing (mounting) of the bear
chip 32 to the substrate 36, the remove processing (remov-
ing) of the bear chip 32 mounted on the substrate, and the
rework processing (remounting) of the bear chip 32 to a
position where the bear chip 32 has been removed from the
substrate 36.

Second Embodiment

Then, as a method for mounting electronic components
which 1s a second embodiment of the present invention, the
reflow processing 1s described with reference to FIG. 6 to
FIGS. 9A and 9B. FIG. 6 1s a process chart showing an
operation sequence of the retflow processing, and FIGS. 7A
and 7B to FIGS. 9A and 9B are diagrams showing an
operation sequence.

The reflow processing 1s constituted by preprocessing, a
preparation operation, a height control/reference position
detection operation, a bonding-portion heating and height-
control operation, and a termination operation. In prepro-

10

15

20

25

30

35

40

45

50

55

60

65

10

cessing, fHux 1s apphed to the bear chip 32 (process P1) and
the entire package 34 1s preheated (process P2). In this case,
the flux 1s applied to the entire area of the solder bump
connection portion of the bear chip 32 and the package 34
1s preheated by heating the control table 22. In this preheat-
ing, i order to reduce thermal distortion due to difference 1n
temperature, the preheating temperature HTk 1s set to a
constant temperature, for example, about 150° C.

In the preparation operation, preheating of the head unit
40 (process P3) and adsorption of the bear chip 32 of the
chuck unit 38 (process P4) are performed. In the preheating,
in order to eliminate thermal variation due to the contact
between the chuck unit 38 and the package 34 to perform
stable height detection by heating the heating unit 72 of the
head unit 40 and by heating the chuck unit 38 with the
heatmg unit 72, the heating temperature of the chuck unit 38
1s set to the same temperature as the preheating temperature
HTk of the package 34. Then, the bear chip 32 1s adsorbed
to the chuck umit 38 by vacuum adsorption of the suction
mechanism 110, as shown 1 FIG. 7A, for example. In this
case, although an electronic component 118 and the like are
mounted onto the back surface of the substrate 36 of the
package 34, the substrate 36 1s horizontally maintained,
because a concave portion 120 1s formed for oflsetting
protruded potions of the electronic component 118 and the
like 1n the package loading j1g 30.

The height control/reference position detection operation
performs lowering of the head unit 40 (process P3), detec-
tion of contact with the bear chip 32 (process P6), retention
of the bear chip 32 at the contact detection position (process
P7) and release of the adsorption of the bear chip 32 (process
P8). As shown 1n FIG. 7A, the chuck unit 38 adsorbing the
bear chip 32 1s lowered toward the substrate 36 as shown by
an arrow a at a high speed, stopped after being lowered to
a predetermined height position, and then lowered at a low
speed from this position until load detection 1s performed to
detect a reference position for the head height control
(process P6). As shown in FIG. 7B, when the bonding
portion 116 of the substrate 36 1s contacted with the solder
bumps 114 of the bear chip 32 lowered at a low speed, the
detected loads of the load sensors 58, 60 are changed as a
result of the load on the head unit 40 side acting on the
substrate 36. In this case, the detected load of the load sensor
58 1s 1ncreased and the detected load of the load sensor 60
1s decreased. As a result, a contact position of the bear chip
32 is detected and this contact position 1s defined as the
reference position. In this case, by retaining the same load as
the load at the time of this contact detection for a certain
time, e.g., about 10 seconds, the contact state of the bear chip
32 and substrate 36 1s maintained to generate heat transier,
and the same temperature 1s achieved on the package 34 side
and the chuck unit 38 side of the head unit 40 for stabili-
zation of the reference position. After such retention of the
load, the adsorption of the bear chip 32 is released. By
releasing the adsorption at this timing, a self-alignment
ellect 1s enhanced between the solder bumps 114 of the bear
chip 32 and the bonding portion and the solder bumps 114
are prevented from being pressed and flattened.

The bonding-portion heating and height-control operation
performs heating of the head unit 40 (process P9), raising of
the head unit 40 (process P10), retention of the chuck umt
38 at a top dead center (process P11), lowering of the chuck
unit 38 (process P12) and retention of the chuck unit 38 at
a bottom dead center (process P13). After releasing the
adsorption of the bear chip 32, the head unmit 40 1s heated by
the heater 78 to raise the temperature of the chuck unit 38 to
a solder bonding temperature (process P9). In this heating
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control, the temperature 1s raised stably to enable thermal
expansion and time control of the package 34, the head unit
40 and the like. In this case, the head unit 40 1s raised as
shown by an arrow b of FIG. 8 A 1n synchronization with the
temperature rising rate of the head unit 40, and 1n this case,
as shown 1n FIG. 8B, the head unit 40 1s raised to the height
position equivalent to the amount of the thermal expansion
of the heated portion. According to such control, a heating
loss can be constrained as a result of maintaining the contact
state of the solder bumps 114 of the bear chip 32 and the
bonding portion 116 of the package 34.

Then, the head unit 40 1s retained at the top dead center.
In other words, the head unit 40 1s retained at a maximum
position of the rising temperature (1.e., the top dead center),
and the solder can be certainly melted by defining the
retention time period as a time period which can absorb
variations of the temperature control. After this retention, the
head unit 40 raised using the thermal expansion amount of
cach portion as a correction amount 1s lowered as shown by
an arrow ¢ of FIG. 9A (process P12). In this case, a
correction amount 1s calculated which can absorb various
variations in the Z direction such as heights of the solder
bumps 114, and aifter the head unit 40 1s lowered by that
correction amount, the chuck unit 38 1s retained at the
bottom dead center or 1s retained for a predetermined time
at a position after the corrected lowering to perform solder
bonding. By retaining the chuck unit 38 at the bottom dead
center for a predetermined time, the solder bonding 1is
certainly performed.

In the termination operation, cooling of the bonding
portion (process P14) 1s performed. After completing the
solder bonding, as shown by an arrow d of FIG. 9B, the head
unit 40 1s raised to air-cool the solder at the bonding portion
116. This air-cooling i1s continued until the temperature of
the solder at the bonding portion 116 1s reduced to the
solidification temperature of the solder and the retlow pro-
cessing 1s completed. The package 34 completed with the
reflow processing 1s conveyed along with the package
loading j1g 30.

Then, for the reflow processing, the raising/lowering and
temperature control of the head unit 40 are described with
reference to FIG. 10. In FIG. 10, a horizontal axis represents
clapse of the time t; a vertical axis represents transitions of
temperature and the head unit 40; L1 indicates the raising/
lowering operation of the head unit 40 (chuck unit 38); .2
indicates the temperature control of the head unit 40; L3
indicates the thermal expansion amount due to the heating of
the upper portion side of the bonding portion 116; and 1.4
indicates the thermal expansion amount due to the heating of
the lower portion side of the bonding portion 116.

From a time point to when the preprocessing and the
preparation operation described above 1s completed, the
head unit 40 1s lowered, and when the bear chip 32 adsorbed
at the chuck unit 38 i1s contacted with the bonding portion
116 of the substrate 36 (time point T,), this position 1s
defined as a reference position. Time T, 1s a lowering time
until the head unit 40 arrives at the reference position ms.
From the time point t1 to a time point t,, the head unit 40 1s
retained at the reference position ms, and the preheating
temperature HTk of the package 34 1s maintained at the
same temperature as the temperature of the bear chip 32.
Time T, 1s a retention time at the same load, and the
retention of the bear chip 32 1s released during this time T,.
In this case, Time T, 1s a retention time during when the head
unit 40 1s maintained at the preheating temperature HTk

(e.g., 150° C.).
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After the predetermined time (T,) elapses at the reference
position, the heating of the head unit 40 1s started from the
time point t,, and in synchronization with this temperature
rising rate, the head unit 40 1s raised to the top dead center
(time point t,) mr (e.g., a height position of 50 um, using ms
as a reference position) which 1s a limiting point of the
correction movement. Due to the heating of the head unit 40,
the upper and lower portion sides of the bonding portion 116
are expanded by the heating and the expansion amount is
dependent on the heating temperature. In this case, Time T,
from the time point t, to a time point t, 1s a temperature
rising time as well as a raising time of the head unit 40, and
the length of the Time T, 1s set such that the contact 1s
maintained between the solder bump 114 of the bear chip 32
and the bonding portion 116 of the substrate in consideration
of thermal expansion, and the length of the Time T, deter-
mines the moving rate of the head unit 40. In this case, the
correction movement amount Am 1s a movement amount for
raising the head umt 40 by a total amount of the thermal
expansion, and the maximum heating temperature HIm 1s
achieved 1n the heat unit 40 at the time point T, when the
heat unit 40 1s moved by the correction movement amount
Am or the time point T, when the heat unit 40 arrives at the
top dead center mr.

A certain time T; from this time point T; to a time point
t4 1s defined as a waiting period, and the head unit 40 1s
retained at the top dead center. The temperature of the solder
attains the melting point before the time point T3 1s reached,
and the solder 1s certainly melted during the time T.. After
the waiting time T elapses, during time T, from the time
point t, to a time point t., the head unit 40 1s lowered from
the top dead center mr to the bottom dead center mi (e.g., a
height position of —10 um, using ms as a reference position)
by a correction movement amount An. The correction move-
ment amount An 1s a movement amount for lowering the
bear chip 32 to a mounting height necessary and suflicient
for contact. In this case, the mounting height can be con-
trolled to any height. The maximum heating temperature of
the head unit 40 1s maintained only during time t, from the
time point t, to a time point t.. After arriving at the bottom
dead center at the time point t., the head unit 40 1s retained
for time T, from the time point t; to a time point t, and the
head unit 40 1s raised from the time point t., preparing for
next processing. The heating temperature of the head unit 40
1s reduced from the time point t, to the preheating tempera-
ture HTk during time T, from the time point T, to a time
point t,. Concurrently with such reduction of the heating
temperature, the thermal expansion amounts on the upper
and lower portion sides of the bonding portion 116 1is
reduced to the amounts at the time of the preheating tem-
perature HTKk.

Then, for the reflow processing, the temperature control
and the raising/lowering control of the head unit 40 1is
described with reference to FIGS. 11A and 11B. FIG. 11A
shows a contact state of the bear chip 32 and the bonding
portion 116 of the substrate 36 at the time of the lowering of
the head unit 40 and FIG. 11B shows a contact state of the
bear chip 32 and the bonding portion 116 of the substrate 36
at the time of the correction raising movement of the head
unit 40.

As shown 1n FIG. 11 A, when the head unit 40 1s lowered
to position the solder bumps 114 of the bear chip 32
adsorbed and supported by the chuck unit 38 to be contacted
with the bonding portion 116 of the substrate 36, the
preheating temperature of the substrate 36 can be matched
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with the heating temperature of the chuck unit 88 side, and
at this point 1n time, the adsorption of the bear chip 32 1s
released.

By heating from this preheated state to make the heating
temperature to the maximum heating temperature HI'm, the
thermal expansion amounts on the upper and lower portion
sides of the bonding portion 116 are increased correspond-
ingly to the rising temperature. Therefore, 1n consideration
of the thermal expansion, the temperature rising time 1is
conformed such that the contact 1s maintained between the
bear chip 32 and the chuck unit 38 which 1s a bonding tool.
The temperature rising time (T ,) 1s conformed to a displace-
ment amount depending on the thermal expansion due to the
heating temperature from the preheating temperature at the
time of contact and to the solder bonding temperature, and
the head unit 40 1s raised using the displacement amount as
the correction movement amount Am. With this operation,
since the contact state 1s always maintained between the bear
chip 32 and the chuck unit 38 for conducting heat, a heat
conduction loss 1s planned to be prevented, and the heat 1s
supplied efliciently and stably to the bonding portion 116
side as well as the position control of the bear chip 32 1s
performed.

Then, the bear chip 32 1s lowered again along with the
head unit 40 which has the temperature raised to the maxi-
mum heating temperature HI'm at the top dead center, and
by setting this movement amount as the correction move-
ment amount An, the bear chip 32 1s controlled to a neces-
sary and suilicient position for the mounting height as well
as the solder connection of the solder 1s performed between
the solder bumps 114 and the bonding portion 116.

Then, this reflow processing 1s described with reference to
FIGS. 12A to 12C. FIGS. 12A to 12C show preliminary
solder processing, a positioning contact and bonding.

In FIG. 12A showing a state before inmitial mounting,
preliminary solder 122 1s formed on exposed surfaces of
connection conductors formed on the substrate and the
surfaces of the preliminary solder 122 1s flattened by flat-
tening processing. After heating to the preliminary tempera-
ture HTk 1n this state, the spherical solder bumps 114 1s
formed on the bear chip 32 as shown 1n FIG. 12B; the solder
bumps 114 of the bear chip 32 are heated to the preliminary
temperature HTKk; the bear chip 32 1s positioned for making
the solder bumps 114 contact with the preliminary solder
122 to maintain at the same preliminary temperature HTK.
After maintaining at the preliminary temperature HTk, as
described above; when the bear chip 32 is heated to the
maximum heating temperature HI'm, the solder bumps 114
and the preliminary solder 122 1s melted, and after the height
position of the bear chip 32 1s raised by the correction
movement amount Am corresponding to thermal deforma-
tion of the substrate 36 and thermal deformation of the head
unit 40 side, when the bear chip 32 1s lowered to the
optimum mounting position, as shown i FIG. 12C, the
preliminary solder 12 on the substrate 36 and the solder
bumps 114 are itegrated, and the bear chip 32 1s mounted
on the optimum height position on the substrate 36.

Third Embodiment

Then, a third embodiment of the present invention, 1.¢., a
method for removing electronic components 1s described
with reference to FIG. 13 to FIGS. 16A and 16B. FIG. 13 1s

a process chart showing an operation sequence of remove
processing and FIGS. 14A and 14B to FIGS. 16A and 16B
are diagrams showing an operation of the head unit 40.
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The remove processing 1s constituted by preprocessing, a
preparation operation, a height control/reference position
detection operation, a bear-chip remove operation, and a
termination operation. In preprocessing, filling with flux
(process P21) and preheating of the entire package 34
(process P22) are performed. The entire connection portion
of the solder bumps 114 of the bear chip 32 is filled with the
flux utilizing a capillary phenomenon (process P21) and, at

this point, preheating the package 34 facilitates the filling
with the flux. The package 1S preheated by heating the
control table 22 and, in this preheatmg, in order to reduce
thermal distortion due to difference 1n temperature, the
preheating temperature 1s set to a constant temperature, for
example, about 150° C. as 1s the case with the retlow
processing.

In the preparation operation, preheating of the head unit
40 (process P23) 1s performed. In the preheating, in order to
climinate thermal variation due to the contact between the
chuck unit 38 and the package 34 to perform stable height
detection by heating the heating unit 72 of the head unit 40
and by heating the chuck unit 38 with the heating unit 72, the
heating temperature of the chuck unit 38 1s set to the same
temperature as the preheating temperature of the package 34.

The height control/reference position detection operation
performs lowering of the head unit 40 (process P24), detec-
tion ol contact with the bear chip 32 (process P25) and
retention at the contact detection position (process P26). As
shown 1n FIG. 14A, the chuck unit 38 of the head unit 40 i1s
lowered toward a reference position with a height of the bear
chip 32 as shown by an arrow ¢ at a high speed, stopped
once, and then lowered at a low speed from this position
until load detection 1s performed to detect contact with the
bear chip 32 (process P235). As shown 1n FIG. 14B, when the
chuck unit 38 lowered at a low speed contacts with the bear
chip 32 on the substrate 36, the detected loads of the load
sensors 38, 60 are changed as a result of the load on the head
umt 40 side acting on the substrate 36 side. In this case, the
detected load of the load sensor 38 1s increased and the
detected load of the load sensor 60 1s decreased. As a result,
a contact p031t1011 of the bear chip 32 is detected and this
contact position 1s defined as the reference position. In this
case, by retaining the same load as the load at the time of this
contact detection for a certain time, e.g., about 10 seconds,
the contact state of the bear chip 32 and chuck unit 38 1s
maintained to generate heat transfer, and the same tempera-
ture 1s achieved on the package 34 side and the chuck umit
38 side of the head unit 40 for stabilization of the reference
position.

The bonding-portion heating and height-control operation
performs heating of the head umt 40 (process P27), raising
of the head unit 40 (process P28), retention of the chuck unit
38 at a top dead center (process P29), lowering of the chuck
unit 38 (process P30) and retention of the chuck unit 38 at
a bottom dead center (process P31). After the bear chip 32
1s contacted with the chuck unit 38, the head unit 40 1s
heated by the heater 78 to raise the temperature of the chuck
unmt 38 to a solder bonding (melting) temperature (process
P27). In this heating control, the temperature 1s raised stably
to enable thermal expansion and time control of the package
34, the head unit 40 and the like. In this case, the head unit
40 1s raised as shown by an arrow 1 of FIG. 15A 1n
synchronization with the temperature rising rate of the head
unit 40, and 1n this case, as shown 1n FIG. 15B, the head unit
40 1s raised to the height position equivalent to the amount
of the thermal expansion of the heated portion. According to
such control, a heating loss can be constrained as a result of
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maintaining the contact state of the solder bumps 114 of the
bear chip 32 and the bonding portion 116 of the package 34.

Then, the head unit 40 1s retained at the top dead center.
In other words, the head unit 40 1s retained at a maximum
position of the rising temperature (1.¢., the top dead center),
and the solder can be certainly melted by defining the
retention time period as a time period which can absorb
variations of the temperature control. After this retention, the
head unit 40 raised using the thermal expansion amount of
cach portion as a correction amount 1s lowered as shown by
an arrow g of FIG. 16A (process P30). In this case, a
correction amount 1s calculated which can absorb various
variations 1n the 7Z direction such as heights of the solder
bumps 114, and after the head unit 40 1s lowered by that
correction amount the chuck unit 38 1s retained at the bottom
dead center or 1s retained for a predetermined time at a
position after the corrected lowering to melt the solder
(process P31). By retaining the head unit 40 at the bottom
dead center for a predetermined time, the solder 1s certainly
melted.

In the bear-chip remove operation of the bear chip 32, the
raising of the head unit 40 (process P32) is performed. In
other words, from the position after the head unit 40 1is
lowered by the corrected amount, the bear chip 32 1is
adsorbed by applying adsorption power to the chuck unit 38
through the suction mechanism 110 and then, by raising the
head unit 40 1n the direction indicated by an arrow h as
shown 1n FIG. 16B, the bear chip 32 is removed from the
package 32.

In the termination operation, cooling of the bonding
portion 116 (process P33) i1s performed. The bonding portion
116 of the substrate 36 1s air-cooled after the bear chip 32 1s
removed. This air-cooling 1s continued until the temperature
of the solder of the bonding portion 116 i1s reduced to the
solder solidification temperature and the remove processing
1s completed. The package 34 completed with the remove
processing 1s conveyed along with the package loading jig
30.

In this remove processing, the raising/lowering and tem-
perature control of the head unit 40 are the same as the
retflow processing shown 1n FIG. 10 and FIGS. 11 A and 11B
described above; 1in the remove processing, the head unit 40
1s lowered along with the chuck unit 38 1n the state without
the bear chip 32; and the adsorption processing of the bear
chip 32 1s performed during time T when the solder 1s 1n the
melted state. Also, 1n FIG. 11B, the bear chip 32 1s lowered
again along with the head unit 40 which has the temperature
raised to the maximum heating temperature HI'm at the top
dead center, and by setting this movement amount as the
correction movement amount An, the solder 1s maintained in
the melted state while the bear chip 32 1s at a necessary and
suflicient position for the mounting height. For the rest, the
raising/lowering and temperature control of the head unit 40
are the same as the reflow processing.

Then, this remove processing 1s described with reference
to FIGS. 17A to 17C. FIGS. 17A to 17C show the remove
processing of the bear chip and residual solder after the
remove processing.

FIG. 17A shows a mounted state and the bear chip 32 1s
mounted on connection conductors 119, 121 formed on the
substrate 36. When the heating 1s performed in this state
from the preliminary temperature HTk to the maximum
heating temperature which 1s the solder melting temperature,
the solder can be melted. In this solder-melting state, after
the height position of the bear chup 32 i1s raised by the
correction movement amount Am corresponding to thermal
deformation of the substrate and thermal deformation of the
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head unit 40 side and after the bear chip 32 1s lowered to the
optimum mounting position, when the head unit 40 1s raised
to remove the bear ship 32 as shown 1n FIG. 17B, residual
solder 124 1s formed on the substrate 36 as shown in FIG.
17C, and the residual solder 124 has hemispherical upper
surface portions and 1s formed with a height (Ho) which 1s
a constant height, e.g., about 40u.

Fourth Embodiment

Then, a fourth embodiment of the present invention, 1.e.,
a method for mounting electronic components 1s described
with reference to FIGS. 18A to 18C. FIG. 18A shows a
substrate after the remove processing; FIG. 18B shows
rework processing of a bear chip; and FIG. 18C 1s a
remounted state of the bear chip.

On the substrate 36 of the package 34, the bonding portion
116 1s formed with residual solder 124 at a position to be
connected to the bear chip 32 and the residual solder 124 has
been formed by the remove processing described above. The
rework processing of the bear chip 32 to the substrate 36 1s
performed as 1s the case with the reflow processing
described above (FIG. 6 to FIGS. 12A to 12C). After
applying tlux to the bear chuip 32 and aiter the bear chip 32
1s preheated at the preheating temperature HTk as well as the
substrate 1s preheated at that temperature, as shown 1n FIG.
18B, the bear chip 32 1s positioned to the residual solder 124
of the substrate 36, and the solder bumps 114 and the
residual solder 124 are maintained at the same preheating
temperature HTk. After maintaining at the preheating tem-
perature HTk for a given time, when the bear chip 32 1s
heated to raise the temperature to the maximum heating
temperature HI'm as described above, the solder bumps 114
and the residual solder 124 are melted, and after the height
position of the bear chip 32 1s raised by the correction
movement amount Am corresponding to thermal deforma-
tion of the substrate 36 and thermal deformation of the head
unmt 40 side, the bear chip 32 1s lowered to the optimum
mounting position, and the residual solder 124 on the
substrate 36 1s integrated with the solder bumps 114 as
shown 1 FIG. 18C to remount the bear chip 32 at the
optimum height position on the substrate 36.

By sequentially performing the remove processing con-
stituted by FIGS. 17A to 17C and the retlow processing of
FIGS. 18B and 18C, processing can be performed for the
mounting of the bear chip 32, the removing thereof and the
replace or remount of the bear chip 32. For example, as
shown 1n FIG. 19A, after the chuck unit 38 of the head unit
40 1s contacted with the bear chip 32 mounted on the
substrate 36 to be maintained at the preheating temperature
HTk and after the heating to the heating temperature HTm,
the bear chip 32 1s removed from the substrate 36 as shown
in FIG. 19B, and then, the bear chip 32 can be remounted on
that substrate 36 by the similar processing to perform the
rework processing of the bear chip 32.

Then, by extracting technical matters from the embodi-
ments of the method and apparatus for mounting and remov-
ing electromic components of the present invention, the
technical significance, modifications and other technical
expansions thereof are listed as follows.

(1) As shown 1n the embodiments, 1n the mounting and
removing processing, after the bear chip 32 or chuck unit 38
becomes the same temperature as the preheated temperature
of the substrate 36, the position control 1s performed for the
chuck unit 38 or the bear chip 32 supported by the chuck unit
38 with high accuracy, and when the preheated temperature
HTk 1s shifted to the maximum heating temperature HTm,
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thermal distortion of each member 1s measured to determine
the correction movement amount (Am) under the conditions
of the temperature desired for bonding. Then, positioning 1s
performed while the preheating temperature of the substrate
36 1s the same as the temperature of the bear chip 32 or
chuck unit 38 of the head umt; by maintaiming the contact
state of the bear chip 32 and the substrate 36 for a prede-
termined time, e.g., about 10 seconds, the position of the
head unit 40 1s stabilized; and at this point, the position of
the head unit 40 1s defined as an original point of a head
position. Then, 1n conformity with the temperature rising
time T, from the preheating temperature HTk to the solder
bonding temperature, 1.e., the maximum heating temperature
HTm, the head unit 40 or the chuck unit 38 1s raised from
the original position to the position of the correction amount
limiting point as the top dead center. After waiting for the
heating temperature to be stabilized and after the movement
of the head unit 40 1s completed, the solder melting state 1s
achieved and the head unit 40 or the bare chip 32 1s lowered
to the theoretically 1deal bonding height.

In this way, a series of the operation sequences 15 common
to the remove processing and replace processing of the bear
chip 32, and since the bonding solder material 1s finished 1n
a spherical shape by filling the flux at the time of the remove,
the replace processing can be performed without prepro-
cessing. Therefore, 1f the position control 1s enabled at the
time of the heating of the head, by measuring thermal
expansion of members such as equipments and a substrate
and by setting parameters for the position control, highly
reliable C4 connection and detachment can be performed for
the substrate 36 and the bear chip 32 with lower stresses and
the rework processing can be performed for various elec-
tronic components such as the bear chip 32.

(2) In FIG. 10, the waiting time 1< for retaining the chuck
unit 38 or the bear chup 32 at the top dead center may be
started from a solder melting start point before the time point
t,, 1 consideration of variations of the head movement
speed and acceleration.

(3) Although the embodiments are described such that the
waiting time T 1s 1dentical for the remove processing and
the retlow or replace processing, in the case of the remove
processing, the retention time at the top dead center may be
set to one third of the case of the reflow or replace processing
because of removal of the bear chip 32.

(4) Although the embodiments are described taking a bear
chip as an example of an electromic component to be
mounted or removed, the electronic component of the
present invention encompasses various components such as
semiconductor apparatuses soldered with the use of solder
bumps, e.g., micro (C4) bumps, components equipped with
semiconductor apparatuses, tlip chip components and the
like, and the present invention 1s not limited to the bear chip
and the semiconductor apparatus illustrated in the embodi-
ments.

Experimental Result

After raising a temperature to the maximum heating
temperature HI'm as well as raising the head unit 40, 11 the
head unit 40 1s lowered again for bonding, when the bear
chip 32 has bumps with a pad diameter of 100 um and a pad
diameter of the substrate 36 1s 90 um, it has been confirmed
that good bonding can be achieved by lowering 60 um,
provided that the bump pitch 1s 216 um or more.

Also, when the bear chip 32 i1s removed by similar
processing, 30 to 50 percent of solder 1s left on the substrate
36 as the residual solder 124, which can be utilized for

replacing the bear chip 32 or reworking the package 34.
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Although the most preferred embodiments of the present
invention have been described hereinabove, the present
invention 1s not limited to the description above and of
course may be modified or changed by those skilled in the
art based on the gist of the present invention as defined 1n the
claims or disclosed in the description of the preferred
embodiments, and 1t 1s needless to say that such modifica-
tions and changes are within the scope of the present
invention.

What 1s claimed 1s:

1. A removing method for an electronic component that
removes from a substrate an electronic component soldered
to the substrate with the use of solder bumps, the removing
method comprising:

moving a tool for receiving the electronic component to

the electronic component on the substrate to detect
contact of the tool, with the electronic component on
the substrate;
raising a heating temperature of the tool, electronic com-
ponent and the substrate up to a maximum heating
temperature starting from the contact of the tool as well
as moving the tool 1 response to the temperature
rising;
moving the tool to a stopped position where the maximum
heating temperature 1s achieved, such that the elec-
tronic component maintains contact with the substrate;

moving the electronic component from the stopped posi-
tion where the maximum heating temperature 1s
achieved to a mounting height of the substrate through
movement of the tool so that the tool receives the
clectronic component from the substrate; and

preheating the tool and the substrate before the tool
contacts the electronic component,

wherein the maximum heating temperature corresponds

to thermal deformation of the substrate.

2. The removing method for an electronic component of
claim 1,

the stopped position of the tool 1s higher than the mount-

ing height of the electronic component on the substrate,
and

wherein the electric component 1s moved from the
stopped position to the mounting height of the substrate
by use of the tool after the elapse of predetermined
time.

3. The removing method for an electronic component of
claim 1, wherein the amount of movement of the tool moved
in response to the temperature rising 1s a value calculated
from thermal distortion of the substrate and thermal distor-
tion of support members supporting the electronic compo-
nent.

4. The removing method for an electronic component of
claim 1, wherein 30 to 50 percent of solder 1s left on the
substrate with the electronic component removed.

5. A removing method for an electronic component that
uses a tool to remove an electronic component soldered to a
substrate, the removing method comprising:

raising a heating temperature of the tool, electronic com-
ponent and the substrate up to a maximum heating
temperature;

moving the tool to a stopped position where the maximum
heating temperature 1s achieved, such that the elec-
tronic component maintains contact with the substrate;

moving the electronic component from the stopped posi-
tion where the maximum heating temperature 1s
achieved to a mounting height of the substrate through
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movement of the tool so that the tool receives the moving the tool to a stopped position where the maximum
clectronic component from the substrate; and heating temperature i1s achieved, such that the elec-
preheating the tool and the substrate before the movement tronic component maintains contact with the substrate;
of the tool. and
6. A removing method for an electronic component that 5 moving the electronic component from the stopped posi-
uses a tool to remove an electronic component soldered to a tion to a mounting height of the substrate through
substrate, the removing method comprising: movement of the tool so that the tool receives the
raising a heating temperature of the tool, electronic com- clectronic component from the substrate.

ponent and the substrate up to a maximum heating
temperature; £ ok ok ok ok
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